Background: AAA repair is associated with high rate of mortality and morbidity. Oesophageal Doppler (OED) can offer a less invasive cost-effective tool for intraoperative monitoring of haemodynamic changes. The aim of the study was to confi rm the benefi ts of haemodynamic optimisation in patients undergoing AAA repair using OED monitoring. We assumed that haemodynamic parameters of patients with OED would be better optimised; they would probably get more fl uids during the operation, and their ICU and hospital stay would be shorter as a result of having fewer postoperative complications and lower mortality. Results: No statistically signifi cant difference was found in preoperative parameters. The Doppler group was administered signifi cantly more crystalloids (p<0.001), colloids (p<0.001), sum-up of fl uids (4000 ml vs. 3000 ml; p<0.001) in the perioperative period. The Doppler group had a lower incidence of major serious complications (8 vs. 21; p=0.034) and shorter ICU (4 vs. 6 days; p<0.001) and hospital stay (10 vs. 11 days; p=0.012).
Abdominal aortic aneurysm (AAA) repair is associated with high rates of perioperative and postoperative mortality and morbidity. Abdominal aortic surgery is often performed in elderly patients who suffer from multiple comorbidities. During the operation, it is necessary to take into account the haemodynamic changes caused by aortic cross-clamping and declamping, as well as large blood loss which must be substituted. Moreover, the surgical patients can be hypovolaemic before the operation, and an inadequate blood loss substitution can aggravate the preoperative hypovolaemia. This together with haemodynamic changes during aortic clamping and declamping can impair the tissue perfusion, decrease the oxygen delivery, and increase the postoperative complications.
The usual heart rate monitoring, invasive blood pressure, central venous pressure and urine output do not have to be suffi cient for AAA perioperative management. Therefore, a kind of enhanced haemodynamic monitoring is needed.
Pulmonary artery thermodilution has been a commonly used technique in aortic surgery. Nowadays, the new non-invasive techniques are gaining acceptance among anaesthesiologists. These techniques provide an easier access to cardiac output measurement. Oesophageal Doppler (OED) offers a reliable, relatively non-invasive, cost-effective tool for intraoperative monitoring of haemodynamic changes. Furthermore, learning this technique requires less training than regular echocardiography or pulmonary catheterization (1) . Oesophageal Doppler can provide continuous monitoring of cardiac output to optimise the tissue perfusion, blood loss substitution and reduce the infl ammatory responses and fl uid overload (2) (3) (4) . The question is whether oesophageal Doppler can be of benefi t to patients in aortic surgery and whether it is useful for goal-directed haemodynamic therapy in elective AAA repair, in which oesophageal Doppler is rarely used.
The aim of the study was to confi rm the benefi ts of haemodynamic optimisation in patients undergoing AAA repair using oesophageal Doppler. We assumed that haemodynamic parameters of patients with Doppler monitoring would be optimised; probably get more fl uids during the operation, and their ICU and hospital stay would be shorter as a result of having fewer postoperative complications and lower mortality in comparison to the control group.
Patients and methods
The local ethics committee agreement was obtained for this study. Seventy patients who underwent abdominal aortic aneurysm operation with oesophageal Doppler monitoring between May 2003 and May 2008 (Doppler group) were matched with seventy patients operated on AAA in 1998-2002 (control group). The fi rst group of 70 patients (Doppler group) had haemodynamic monitoring by echo-oesophageal Doppler (Hemosonic 100, Arrow, reading, PA) during the operation. The group of 70 patients operated on in the earlier years (control group) did not have any enhanced haemodynamic monitoring in the perioperative period. Both groups of patients were operated on under general anaesthesia using opioids, benzodiazepines, muscle relaxants and volatile anaesthetics. Standard monitoring of heart rate, invasive arterial pressure, central venous pressure and urine output were used in both groups of patients. After intubation in the oesophageal Doppler group, an oesophageal Doppler probe was placed in the oesophagus at a distance of 35-40 cm from the incisor teeth and adjusted until an optimal aortic waveform was visible on the screen. The oesophageal Doppler technique measures the blood fl ow velocity in the descending aorta by means of the Doppler transducer placed at the tip of a fl exible probe. Stroke volume is calculated from the aortic velocity measurements; the area under the maximum aortic velocity envelope (VTI) is calculated as a velocity time integral and represents the stroke distance. Assuming that all red blood cells are moving at the maximum velocity and that aortic crosssectional area (A) is constant during systole, stroke volume (SV) is obtained by multiplying the stroke distance (VTI) by the aortic cross-sectional area A. For the measurement of the aortic crosssectional area, Hemosonic has incorporated a transducer into the probe to measure the instantaneous aortic diameter. Oesophageal Doppler was used to estimate the cardiac output, its variations and fl uids management with the aim to optimise haemodynamic parameters in the Doppler group of patients. The fl uids given in the perioperative period were titrated according to the stroke volume response.
In both groups, the fl uids (crystalloids, colloids) administered during anaesthesia were recorded. The length of ICU and hospital stay was compared, together with frequency of mortality, postoperative complications and major serious complications (myocardial infarction, unstable angina pectoris, congestive heart failure, acute renal failure requiring dialysis, bronchopneumonia with respiratory failure, sepsis with multi-organ dysfunction, haemorrhagic shock, disseminated intravascular coagulopathy).
Statistics
One hundred and forty patients were analysed and separated in two groups, particularly patients who underwent AAA surgery in 1998-2002 (control group) and those subjected to latter surgery in [2003] [2004] [2005] [2006] [2007] [2008] , namely under oesophageal Doppler monitoring (Doppler group).
Each continuous parameter was statistically calculated, namely median, minimum and maximum. Differences between the control and Doppler groups as to patients' histories were analysed by Fisher's exact test. In addition, the postoperative complications were compared by Fisher's exact test. Nonparametric Mann-Whitney test was used for comparison of summed up amount of crystalloid fl uids, length of ICU and hospital stay, as well as blood loss. With respect to data discretion, the comparison of total infused colloids was not performed by nonparametric Mann-Whitney test, but categorically by means of Pearson's chi-square test instead.
Results
The control group was well matched for age, preoperative comorbidities and physiological scores measured using ASA with the Doppler group. There was no statistically signifi cant difference in these parameters between Doppler and control groups (Tab. 1). All AAAs were infra-renal and the patients underwent aortic surgery through the retroperitoneal approach while surgical blood loss and intra-operative requirements for heterologous blood transfusion were similar in both groups. No statistically signifi cant difference was found between the Doppler and control groups in the median of perioperative blood loss (675 ml vs.700 ml).
The patients in the Doppler group received signifi cantly more fl uids during the perioperative period than the patients in the control group (Tab. 2, Figs 1 and 2 ). The patients in the Doppler group were given signifi cantly more crystalloids and colloids. Similarly, the summed up amount of fl uids was signifi cantly higher in the Doppler group than in the control group (4000 ml vs 3000 ml; p<0.001). When comparing the Doppler group with the control group, the former had shorter mean lengths of ICU stay (4 vs 6 days; p<0.001) and a shorter overall hospital stay (10 vs. 11 days; p=0.012) (Tab 3, Figs 3 and 4) .
When the frequency of postoperative complications was compared, statistically signifi cant difference was found in the frequency of major serious complications (8 vs. 21 complications; p=0.034). Other complications seemed to be more frequent in the control group but a statistically signifi cant difference was not proved (Tab. 4). In both groups, the most frequent complications were those of cardiovascular origin.
In the Doppler group, signifi cant cardiovascular complications occurred in 19 patients. Seven patients displayed symptoms of cardiac complications, particularly congestive heart failure (2x), acute myocardial infarction (AMI) (2x), and new haemodynamic signifi cant arrhythmias (atrial, ventricular) (5x). Ten patients had a postoperatively treated hypertension. In the control group, signifi cant haemodynamic complications were more frequent, particularly in 28 cases while cardiac complications were recorded in 21 patients (3x AMI, 3x unstable angina pectoris, 6x congestive heart failure, 9x new arrhythmias). One patient was treated for pulmonary embolism and the rest of patients for new postoperative hypertension.
Respiratory complications developed in 8.6% (6/70) of patients in the Doppler group and 10% (7/70) of patients in the control group. Postoperative respiratory failure, defi ned as requiring reintubation or ventilation for more than 48 hours postoperatively, was diagnosed in 2 patients in both groups in predisposed individuals (Chronic obstructive pulmonary disease: COPD) as a result of bronchopneumonia.
Renal complications (renal impairment, acute renal failure -ARF, uroinfection) were more frequent in the control group than in the Doppler group (15 in control group vs. 9 in Doppler group). Renal damage manifesting itself as a rise in creatinine level greater than 20 % of the preoperative value, was a complication in 14.3 % (10/70) of patients in the control group and in 11.4 % (8/70) of those in the Doppler group. Postoperative renal failure requiring dialysis was recorded in 3 patients (4.3 %) in the control group. There was no renal failure (0 %) in the Doppler group after the operation.
Surgical complications such as postoperative graft thrombosis, surgical bleeding requiring transfusion or reoperation, superfi cial wound infection, and prolonged paralytic ileus occurred in 12 patients in the control group and in 7 patients in the Doppler group. Moreover, one patient in the control group suffered from intestinal perforation and necrosis. Deep wound infections and graft infections did not appear. Note that all patients were routinely administered prophylactic antibiotics, usually cephalosporin. Sepsis with multi-organ dysfunction (MODS) was diagnosed in one patient in the Doppler group (urosepsis) and in one patient in the control group (catheter sepsis). Serious postoperative bleeding with haemorrhagic shock and later development of disseminated intravascular coagulopathy (DIC) were noticed in 2 patients in the control group while postoperative coagulopathy (DIC) occurred in 2 patients in the control group and 1 patient in the Doppler group. Cerebrovascular events appeared in 3 patients in the control group (3x stroke) and in 2 patients in the Doppler group (2x transient ischemic attack -TIA). Paraplegia was a complication in one patient from the control group.
The mortality rate was 7.1 % (5/70) in the control group and 1.4 % (1/70) in the Doppler group. The percentage of patients who died of cardiac causes was 2.9 % (2/70) in the control group and 0% in the Doppler group. Two patients who died in the control group had preoperative cardiovascular comorbidities (angina pectoris, sick sinus syndrome and hypertension) and suffered from postoperative myocardial infarction on second and fi fth days after the operation. As many as 4.3 % of patients (3/70) in the control group died of other factors including one case of a haemorrhagic shock (anastomosis, arterial bleeding), one of perforated ileum, and one of multiple-organ failure (ARF, DIC). One predisposed patient (chronic obstructive pulmonary disease, chronic renal insuffi ciency, and chronic ischemic heart disease) in the Doppler group died of multiple-organ failure (bronchopneumonia followed respiratory failure). Although the mortality rate was higher in the control group, there was no statistically signifi cant difference in mortality rates between the Doppler and control groups.
Discussion
In our study, we decided for oesophageal Doppler to monitor the haemodynamic parameters. Recently, new users published their reports comparing cardiac output measurements obtained with oesophageal Doppler and thermodilution. Some of these new studies are in agreement with previous conclusions and confi rm that OED is a clinically useful alternative to thermodilution. On the other hand, some investigators are still sceptical about the validity of non-invasive measurements (1, 5).
Dark MP and Singer M made a systematic search of relevant literature and data synthesis to determine the validity of oesophageal Doppler monitor in measuring the cardiac output in the critically ill. They found eleven validation papers for OED (21 studies) involving 314 patients and 2400 paired measurements and two papers which assessed the validity of Echo-OED as compared with thermodilution. They concluded that the oesophageal Doppler monitoring of changes in cardiac output has high validity (no bias and high clinical agreement with pulmonary artery thermodilution) (6) .
However, oesophageal Doppler may not be appropriate for some kinds of surgery since there are limitations concerning its use. Firstly, Doppler velocity measurements assume that all erythrocytes travel in the same direction and at the same speed. Secondly, the aortic cross-sectional area is either measured or estimated. Finally, CO calculations assume a constant diversion of blood fl ow between supra-aortic vessels and the descending aorta. In fact, this proportion is not constant. Aortic surgery is associated with various haemodynamic and cardiac output modifi cations. These disorders may be partly caused by fl ow redistribution between supra-aortic and descending aorta regions during clamping and declamping. In the context of this fact, it is in question whether OED monitoring is suffi ciently accurate for cardiac output measurement in aortic surgery. Lafanechere et al tried to answer this question in their study (7) . Similarly as in our study, they used a new echo-oesophageal Doppler (Hemosonic), which calculates cardiac output from a simultaneous measurement of blood fl ow velocity and diameter of the descending aorta. In their study, they wanted to fi nd whether this calculation is affected by blood redistribution during aortic clamping. The authors compared cardiac output measured by echooesophageal Doppler and by bolus thermodilution catheter during infra-renal aortic surgery. They confi rmed that the bias between both methods was clinically acceptable, and limits of agreement were not signifi cantly modifi ed by aortic clamping. 7 Their conclusions advocate the use of oesophageal Doppler in our study.
Our results confi rmed that oesophageal Doppler could improve the outcome of patients undergoing AAA repair. Patients in the Doppler group were administered more fl uids (crystalloid, colloids) in the perioperative period, the postoperative recovery was found to be signifi cantly faster, and the frequency of major serious complications was lower. Our fi ndings are in agreement with the results of other studies comparing the perioperative Dopplerguided intravascular volume replacement strategies with conventional clinical volume replacement in groups of patiens surgically treated for orthopaedic, urologic, gynaecologic, abdominal, and cardiac disorders, as well as those treated for multiple trauma (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . In these ten published studies, the investigators used different experimental protocols and all of these studies conclusively report benefi cial effects in the Doppler-guided groups (18, 19) .
For example, a clear benefi t after major surgery and hip fracture operations was demonstrated in studies of patients who underwent fl uid titration according to stroke volume response using OED. Patients randomised in the optimisation group had fewer complications and shorter hospital stays in comparison with patients treated normally. 5 Gan et al. and Conway et al. reported improvements after digestive surgery with an earlier ability to drink and eat, less severe complications requiring ICU and shorter hospital stays (14, 15) .
Sinclair et al. used a protocol to maintain maximal stroke volume and corrected fl ow time (FTc) in the group of patients undergoing a proximal femoral fracture repair. The protocol group received signifi cantly more fl uid and had a higher mean FTc and cardiac output than the control patients despite similar heart rates and blood pressures. Postoperative recovery was found to be faster in the protocol group with the median time being 10 vs 15 days (17) .
Results similar to our study were obtained in the study carried out by Myethen and Webb. 16 They studied sixty patients who were randomised to either a control group, receiving treatment according to standard practice, or to a protocol group. The protocol group was given repeated boluses of 6 % hydroxyethyl starch to maximise the OED-measured stroke volume. Compared with the control group, the protocol group had shorter mean lengths of ICU stay (1 vs. 1.7 days) shorter overall hospital stays (6.4 vs 10.1 days, p=0.011) and fewer major complications (0 vs 6 patients p=0.01) (16) .
In terms of postoperative complications in our study, we confi rmed a lower incidence of major serious complications in the Doppler group. The frequency of cardiac complications was lower in the Doppler group than in the control group (Doppler 13 % vs control 30 %) but no statistically signifi cant difference was proved. It is known that myocardial ischemia remains the most common complication after aortic reconstruction surgery (20) . Cardiac complications accounted for 62.5 % of all deaths after AAA repairs (21) . In our control group, two patients died of AMI, which accounted for 40% of all deaths in this group. The rest (60 %) had other causes (bleeding, MOF, ileum perforation). Whereas in the Doppler group, only one patient died, namely as a result of a non-cardiac event, particularly pneumonia followed by respiratory failure with MODS. Pneumonia counts for one of the most common morbid complications after vascular surgery and its incidence is about 1.5 % with a mortality of 21 %. In both of our groups of patients, the second most frequent postoperative complications were renal dysfunctions (control 18.6 %, Doppler 11.4 %). Renal dysfunction occurs in patients undergoing elective AAA repair but only a small percentage of such patients requires dialysis. Acute renal failure after aortic reconstruction carries a mortality of more than 30 % (22, 23). There was no postoperative acute renal failure requiring dialysis in the Doppler group in contrast to three patients with ARF in the control group.
The mortality rate was 7 % in the control group and 1.4 % in the Doppler group. The perioperative mortality rate in the 1960s for elective AAA repairs was documented to be 14 % to 19 % and has decreased to the current rate of 0-5 % or 1-7 % in leading centres (24, 25). Both mortality rates (control and Doppler) correspond with mortality rates in leading centres and it is evident that mortality in the Doppler group was lower than in the control group. However, a statistically signifi cant difference was not shown.
It should be mentioned that no study has been published yet to show the benefi t of goal-directed haemodynamic therapy by OED in operations on abdominal aortic aneurysm. On the other hand, this study is limited in that it was not possible to create a prospective randomised study. Ethically, it would be not acceptable to compare a group with haemodynamic monitoring with a group without any enhanced haemodynamic monitoring because paper reviews show benefi ts from haemodynamic monitoring in patients with high-risk surgery, to which AAA repair indisputably belongs. We could have compared patients with a different kind of haemodynamic monitor technique, particularly thermodilution vs. oesophageal Doppler but in such case we would not get the same results. Therefore, we decided to compare the group monitored with oesophageal Doppler with patients operated on earlier at the end of 1990's when the use of enhanced haemodynamic monitor-ing was not spread so much, and recommended for perioperative care. Majority of patients, who underwent AAA repairs at that time, had only standard monitoring, i.e. that of heart rate, blood pressure and urine.
We may say that our control group represents conventional clinical fl uid management in AAA repair. In this surgery, it is not possible to use fi xed or restrictive fl uid regimes because operations of AAA require careful and individual therapeutic considerations strongly related to the perioperative phase, in which fl uid therapy plays a major role. While in our control group the fl uids were given according to anaesthesiologist assessment and common practice, in OED group oesophageal Doppler enabled haemodynamic optimisation during both phases of aortic clamping and declamping.
In conclusion, we found that oesophageal Doppler is of benefi t for patients in elective AAA repair. In the perioperative period, the OED-monitored group was administered signifi cantly more fl uid (4000 ml vs 3000 ml; p< 0.001); both crystalloids (p<0.001) and colloids (p<0,001). Compared with the control group, the Doppler group had a lower incidence of major serious complications (8 vs 21; p=0.034), shorter ICU (4 vs 6 days; p<0.001) as well as shorter overall hospital stay (10 vs 11 days; p=0.012). We may conclude that the haemodynamic monitoring by oesophageal Doppler can improve outcomes of patients with AAA repair, nevertheless a confi rmation by a prospective randomised study would be much more superior.
